that we use, in parallel with experiments utilizing intact PtdIns(3,4)P 2 and PtdIns3P accumulation; these data closely paralleled results with PtdIns(3,4,5)P 3 . cells, to address the mechanism by which Ras proteins activate PI3K␥.
PI3K␥ Activation Dependent on Ras Lipid Modification Results

All of the above work used Sf9-derived Ras proteins purified via a Triton X114 extraction procedure (that All GTP-Ras Isoforms Activate PI3K␥ does not recover Ras proteins without lipid modificaTo determine the activation of PI3K␥ by the different tions). These lipid-modified Ras proteins all inserted Ras isoforms (H-, N-, K-) and their close relative R-Ras,
substantially into the membranes used in our in vitro we investigated the effect of full-length lipid-modified assays (20%-40%, depending on the Ras isoforms, see GDP or GTP␥S-loaded Ras on PI3K␥ activity in vitro. The Figure 6 and below). To see whether membrane localizaassays used a plasma membrane-enriched membrane tion of Ras was required to enable activation of PI3K␥, fraction from neutrophils as a source of lipid substrates.
we tested the ability of bacterially produced, nonmodiOur results showed that all GTP␥S-loaded Ras isoforms fied H-Ras to activate PI3K␥ on neutrophil membranes activated PI3K␥ (Figure 1) . With approximately 15 nM in a assay of the above format (Figure 3 ). Unmodified Ras proteins (corrected for both GTP␥S binding and the GTP␥S-Hras was able to bind p110␥ (data not shown, proportion of the Ras proteins inserted into the neutrosee [17] ) and significantly activated PI3K␥, but in terms phils membranes in the assays), a 30-fold increase of of fold above GDP-loaded control, the effect was re-PI3K␥ activity was observed with R-Ras and K-Ras, duced by more than 10-fold, and similarly, the absolute whereas, in the presence of H-Ras and N-Ras, a 10-fold levels of activity were also substantially reduced comincrease was measured. These activations were strictly pared to Sf9-derived H-Ras. GTP␥S dependent; no stimulation was found with the relevant GDP-loaded Ras proteins.
Ras Activation of PI3K␥ in Stripped Neutrophil Membranes R-Ras and K-Ras Are More Potent Activators
To investigate whether the action of Ras on PI3K␥ activthan H-Ras and N-Ras ity in the neutrophil membranes was mediated by an To investigate the differences among the Ras isoforms' additional protein, we stripped the membranes of abilities to activate PI3K␥, a large range of Ras concenweakly and strongly associated proteins by washing trations from 0.5 nM to 250 nM was tested ( In all of the above experiments, we also quantified plasma membrane, with various concentrations of phos- , a dominant-inhibitory mutant. We have published the results of precisely parallel experiments efficiently inserted into these liposomes (see below). In the presence of 50 M PtdIns(4,5)P 2 (apparently saturatin which we measured the levels of PtdIns(3,4,5)P 3 and PtdIns(3,4)P 2 , that showed under these conditions hetering for PI3K␥), GTP␥S-Rras but not GDP-Rras caused a 2-fold increase in PI3K␥ activity. This effect was subologous H-Ras G12V stimulated a 20-to 30-fold increase in heterologous PI3K␥ activity [17] . stantially greater at lower PtdIns(4,5)P 2 concentrations, suggesting that the GTP␥S-Rras was acting to increase
We then examined the distribution of PI3K␥ between centrifugation-generated pellets and supernatants in in the apparent affinity of PI3K␥ for PtdIns(4,5)P 2 .
vitro assays using neutrophil membrane fractions in which we can measure substantial activation of PI3K␥
Ras Does Not Drive Membrane Translocation of PI3K␥ Either In Vivo or In Vitro
by Ras proteins. We found 5%-8% of PI3K␥ was associated with the neutrophil membranes in the absence of To examine whether the mechanism of Ras activation of PI3K␥ was dependent of PI3K␥ translocation, we added Ras proteins. Although 20%-40% of the added, Sf9-derived Ras proteins inserted into the membranes, coexpressed p101, p110␥, and different H-Ras alleles in Cos-7 cells, and we determined their distribution in neither GDP-nor GTP␥S-loaded K-Ras ( Figure 6B ) or H-Ras (data not shown) caused significant change in the membrane and cytosolic fractions after serum starvation ( Figure 6A ). About 10% of PI3K␥ was found in the amount of PI3K␥ bound to the membranes. We conducted similar experiments to assess the disthe membrane fraction in the absence of heterologous result, and yet in vitro studies suggest relatively small
